Abstract-Behavioral effects of zopiclone were investigated in mice and rats and compared with the data on diazepam, nitrazepam and flurazepam.
Abstract-Behavioral effects of zopiclone were investigated in mice and rats and compared with the data on diazepam, nitrazepam and flurazepam.
The electro encephalographic effect of the drug was also examined in unanesthetized rabbits with chronic electrode implants and compared with that of diazepam.
The present results indicate that zopiclone possesses pharmacological properties qualitatively similar to benzodiazepines, which are characterized by potent anticonflict and antiaggressive effects and much weaker anticonvulsant, muscle relaxant, ataxiogenic, sedative and anesthesia potentiating effects; the properties of this drug were com pared with those of diazepam, nitrazepam and flurazepam.
Zopiclone suppressed the EEG arousal responses and inhibited afterdischarges induced by electrical stimulation of the hippocampus and amygdala. The effects of zopiclone on EEG and afterdischarges were approximately 1 /10 those of diazepam.
Zopiclone (R.P. 27267; [6-(5-chloro-2 pyridyl)-6,7-dihydro-7-oxo-5H-pyrrol [3,4- benzodiazepines (B DZ), zopiclone was found to produce pharmacological effects similar to those of BDZ in laboratory animals (1) . It has been shown that the binding activity of zopiclone to BDZ-receptors is as high as those of diazepam and nitrazepam in vitro and that zopiclone also inhibits the receptor binding of [3H]-flunitrazepam in vivo (2) .
Clinically, zopiclone has been recognized to be a useful sleep-inducer of considerable interest, comparable in efficacy to nitrazepam (3) .
BDZ exert, as generally known, a variety of clinical activities such as antianxiety, anticonvulsive, muscle relaxant and hypnotic; and each drug has different profiles of action. The present experiment was performed to examine the behavioral and electroencephalo graphic effects of zopiclone in comparison with those of diazepam, nitrazepam and flurazepam, in order to clarify the character istics of the pharmacological effect of zopiclone.
Materials and Methods 1) Animals
Male ddY mice (Seiwa Institute of Experi mental Animals, Kuroda and Kyudo Experi mental Animals), male CF#1 mice (Kyushu University Institute of Laboratory Animals), male Wistar rats (Seiwa Institute of Experi mental Animals), male Wistar king A rats (Kyushu University Institute of Laboratory Animals) and male albino rabbits (Kuroda Experimental Animals) were used. All the animals except rabbits were housed in an air conditioned room at 23±20C, with a 12 hr light-dark schedule (lights on at 07:00).
2) Drugs
The following drugs were used in the present experiment: zopiclone (pure powder, Rhone-Poulenc), diazepam (DZP; pure powder, Roche), nitrazepam (NZP; pure powder, Rhone-Poulenc) and flurazepam (FZP; pure powder, Roche). All drugs were suspended in a 0.5% aqueous solution of carboxymethylcelIulose (CMC) and given orally in mice and rats and administered intraperitoneally in rabbits. The control animal received 0.5% CMC solution in a volume of 0.1 ml per 10 g and 100 g body weight in mice and rats, respectively. Other drugs used in the experiments are as follows: methamphetamine hydrochloride (Dainihon Seiyaku), pentetrazol sodium (Sigma), thiopental sodium (Ravonal®, Tanabe Phar maceutical), diethylether (Hayashi Pure Chemicals), ethanol (Wako Pure Chemicals), L-5 hydroxytryptophan (L-5 HTP, Kyowa Hakko) and mescaline hydrochloride (Wako Pure Chemicals).
3) Experiment on open-field activity
Male ddY mice weighing 22-28 g were tested for ambulation and rearing using a Hall's open-field apparatus (4). The numbers of ambulations (locomotor activity) and rearings in a 1 min period after placing the mouse in the apparatus were recorded. Mice were divided into groups of 10 each according to the ambulation which was measured before drugs, so that differences between the average scores were minimal. The test was repeated at 0.5, 1, 2, 4 and 8 hr following administration of drugs.
In the experiment for assessing the influence of drugs on hyperactivity induced by methamphetamine, the test drug was administered 30 min prior to injection with methamphetamine, 5 mg/kg, s.c. 4) Experiment on conflict behavior in rats 4.1. Geller type conflict: Male Wistar rats weighing 200 to 250 g were used. The test was performed using a Skinner box (24X31 x27 cm , Tech-Servo) provided with a lever, pilot lamp, speaker and a milk supplier, with a stainless steel grid floor by which electrical shock with an alternating current is given to the animal via an electrostimulator.
Rats maintained on a reduced body weighl level of approximately 80% of the usual weights by restriction of water intake (20 ml/ day) were trained for lever pressing on a fixed ratio schedule (FR20) of reinforcement at 2-3 day intervals (5). Milk rewards (0.02 ml) were delivered once every 20 lever presses.
After attaining a constant level of lever pressing on the FR20 schedule of reinforce ment, the animals were subjected to further training as follows: In the unpunished period (7 min), milk rewards were delivered on FR20. In the punished period (3 min) which was signaled by a 1850 Hz monotone (70 dB) and pilot lamp equipped just above the lever, every lever pressing was rewarded with milk and also punished with an electrical shock to the paws via the floor grid. The training was repeated at 2-3 day intervals until the number of lever-pressings became less than 10 in each 3 min punished period. Only rats attaining this criterion were selected for the drug experiment.
4.2. Water-lick conflict: Male Wistar rats weighing 200 to 300 g (aged 7-9 weeks) were used. The test was performed using an apparatus described by Vogel et al. (6) with some modifications. The apparatus was a plexiglass box (20 X 20 X 30 cm) with a stainless steel grid floor. A water bottle with a stainless steel spout was fitted to the middle of the outside so that the spout extended 2.5 cm into the box at a height of 6 cm above the floor. A drinkometer circuit was connected with the spout. The counting and shocks were provided by a drinkometer circuit (Ohara Inc., Nihon Kohden). The rats were shocked for every one drop (about 0.06 ml) by a pulse generator (2 mA, 100 msec).
The animal was deprived of water for 24 hr prior to the unpunished training session for a 5 min period. The rats were divided into groups of 4-9 according to the volume of water intake which was measured in the training session, so that differences between the average volume of water intake was minimal. Prior to any drug treatment, the animal was deprived of water for 24 hr. One hr after drug administration, the animal was placed into the test box and the number of shocks delivered during a 5 min test period was recorded.
5) Experiment on aggressive behaviors
Male Wistar King A rats weighing 180 to 220 g were used. The animal's head was fixed on a stereotaxic instrument (Narishige Scientific Instruments) under pentobarbital sodium (40 mg/kg, i.p.) anesthesia, and the following three types of lesions of the brain were performed.
5.1. Olfactory bulbectomized rats (OB rats): According to the method of Ueki et al. (7) , the olfactory bulbs were bilaterally removed and the animals were maintained in individual cages (18 x 17 x 17 cm). Emo tionality was measured with respect to the following 2 responses to given stimuli: (1) mouse-killing (muricide) and (2) attack response to a rod presented in front of the snout of the animal. Muricide was regarded as positive if the rat bit a mouse to death within 3 min after a mouse was introduced into the rat's home cage. Attack response was graded employing the criteria reported by Ueki et al. (7) . Only rats exhibiting muricide and scores of attack response greater than 2 were subjected to the following experiment.
5.2. Midbrain raphe lesioned rats (raphe rats):
The midbrain raphe nuclei were lesioned by applying direct current (3 mA for 15 sec) via a stainless steel monopolar electrode inserted into the dorsal (A: 0.16, H: 1.0, L: 0) and ventral (A: 0.16, H: -2.5, L: 0) raphe nuclei (8) . After the surgery, the animals were housed in individual cages, and the emotional response was assessed only with respect to muricide by the same test procedures as in the OB rats. Only rats showing muricide were selected and sub jected to the following experiment.
5.3. Septal lesioned rats (septal rats) (9): The septal area was bilaterally destroyed by applying direct current (3 mA for 30 sec) via stainless steel monopolar electrodes as the cathode (0.4 mm in diameter) inserted into the septum (A: 6.8, L: 0.7, H: 0.5). The emotional response was assessed with respect to the startle response to air blowing alone on the 4th day after operation, and only rats showing scores greater than 3 were subjected to the following experiment. 6) Experiment on convulsion Male CF~1 mice weighing 23 to 31 g, divided into groups of 8 to 10, were used.
6.1. Maximal electroshock convulsion (MES): A constant current of 60 Hz, 50 mA was given to the animal for 0.2 sec via corneal electrodes placed on both eyes, using the apparatus described by Woodbury and Davenport (10) with some modifications. Drugs were administered 1 hr before giving an electric shock, except for FZP with which mice were dosed 2 hr prior to electric shock. 6.2. Pentetrazol convulsion: Animals were injected s.c. with 85 mg/kg pentetrazol 60 min (105 min in case of FZP) after administration of test drugs, and then they were individually placed into a glass beaker (capacity, 2 I). The observation for clonic convulsions was made over a 30 min period following pen tetrazol injection. 7) Experiment on anesthesia Male ddY mice weighing 22 to 28 g were used in groups of 10 each.
7.1. Thiopental anesthesia: Drugs were administered 1 hr prior to the injection of 40 mg/kg of thiopental sodium into the tail vein. The duration of anesthesia was measured taking restoration of righting reflexes as an indication of recovery from anesthesia.
Ether anesthesia:
Each animal was placed in a closed chamber (capacity, 1 I) with absorbent cotton soaked with 5 ml of diethylether.
The animal was taken out of the chamber 10 sec after loss of the righting reflex and regular breathing had been recognized, and the time consumed until recovery of the righting reflex was regarded as the duration of anesthesia. Test drugs were administered 1 hr before ether anesthesia.
Ethanol anesthesia:
Animals were injected with 0.1 ml of 20% ethanol per 10 g of body weight into the tail vein 1 hr after administration of test drugs, and the sub sequent duration of loss of the righting reflex was determined. 8) Experiment on head-twitches induced by L-5-hydroxytryptophan (L-5-HTP) and mescaline Groups of 10 male ddY mice each (20-25 g) were used. Test drugs were administered 50 and 40 min before s.c. injection of 100 mg/kg L-5-HTP and 100 mg/kg mescaline, respectively. Immediately after the injection of L-5-HTP or mescaline, each animal was placed in a 2 I. glass beaker and observed for head-twitches (11) over a period of 20 min 1 hr after the administration of test drugs.
9) Inclined screen test
Ten male ddY mice in each group, weighing 22 to 28 g, were used. The muscle relaxant activity was measured using an inclined screen according to the method of Ueki et al. (12) .
The measurement was repeated three times on each animal, and the mean values were calculated. Mice were tested 0.5, 1, 2, 4, 8 and 24 hr after administration of test drugs.
10) Rotarod test
Male ddY mice weighing 20 to 30 g and male Wistar rats weighing 200 to 300 g were used.
The rotarod test in mice was performed in accordance with the procedure reported by Dunham and Miya (13) . The animal was placed on a linen-coated wooden rod (2.5 cm in diameter) rotating at 30 r.p.m. with its head against the direction of rotation. Mice were pre-selected for those which stayed for at least 5 min on the rod and divided into groups of 10 each. When the mice fell off the rotarod within 3 min in two consecutive tests, the drug effect was taken as positive.
Rats were tested according to the pro cedure described by Sofia (14) , using a rotarod (5 cm in diameter) rotating at 5 r.p.m. The procedure was identical with the method for mice. The drug effect which caused falling of the animals within 1 min was taken as positive. Rats were pre-selected for those which stayed on the rod for more than 3 min and divided into groups of 8 each.
11) Experiment on electroencephalography (EEG)
The EEG was measured in unanesthetized rabbits, weighing 2.5 to 3.0 kg, with chronically implanted electrodes. Bipolar electrodes were implanted in several brain areas according to the brain atlas of Sawyer et al. (15) . The sites of implantation were the amygdala (A: 0-1, L: 6-7, H : -5), dorsal hippocampus (A: -3. L: 6, H: 4), posterior hypothalamus (A: -3, L: 1. H: -5), midbrain reticular formation (A: -8, L: 3, H : -3), and frontal and occipital cortex.
More detailed procedures for the con struction and implantation of electrodes and EEG recording have been described in our previous report (16) . The parameters of electrical stimulation were 200 Hz, 0.1-0.2 msec, 1.0-5.0 V, 5 sec for the midbrain reticular formation and 100 Hz, 0.1-0.2 msec, 1-5 V, 5 sec for the posterior hypo thalamus. In the experiments on after discharges, 50 Hz, 0.1-0.5 msec, were given for 5 sec to both the hippocampus and amygdala. Auditory and photic stimulation were delivered via a Nihon Koden MS-2PS phono-photo-stimulator, the former being monotonous sounds of 95 dB with duration of 5 sec and the latter being 2-8 Hz stro boscopic light flashed over 10 sec.
12) Statistical data analysis
Statistical analysis were performed using the Mann-Whitney U-test, Student's t-test, the matched pair test, Fisher's exact pro bability test and the Litchfield-Wilcoxon test. The procedures employed are indicated in the respective sections under results.
Results

1) Effects on open-field activity
The effects of zopiclone on ambulation of mice in an open-field are shown in Fig. 2A . Student's t-test was used for the statistical analysis of the data. Mice in the control group displayed adaptation since repeating the test resulted in a progressive decrease of ambulation. Zopiclone was without effect at doses of 5-20 mg/kg, p.o., but the drug at 50 mg/kg, p.o. caused a significant decrease of ambulation, and a peak effect was observed 30-60 min after administration. DZP at doses of 20 and 50 mg/kg caused a significant reduction of ambulation, and the effect lasted for 2 hr after administration.
NZP at doses of 5 and 10 mg/kg showed no significant effect on ambulation. At a dose of 20 mg/ kg, however, NZP produced a significant increase of ambulation (Fig. 2B) . With FZP at doses of 5-50 mg/kg, the ambulation was significantly increased to about twice that in the control group. The effect reached a peak 30 min after administration and persisted for 60 min at a dose of 20 mg/kg.
No significant change in rearing was observed in the rats treated with 5, 10 and 20 mg/kg of zopiclone. At a dose of 50 mg/ kg, zopiclone produced a slight decrease of rearing 1 hr after administration.
Both DZP and NZP at doses of 5-50 mg/kg significantly decreased rearing 30 min after administration.
FZP at doses of 50 and 100 mg/kg produced a significant decrease of rearing only at 30 min after administration (Table 2) . 2) Effects on methamphetamine-induced hyperactivity in mice Figure 3 shows the ambulation measured 30 min after the administration of metham phetamine.
Statistical analysis were per formed using Student's t-test. Zopiclone at doses of 1 and 5 mg/kg did not show any significant effect on methamphetamine induced hyperactivity, while at a dose of 10 mg/kg, it significantly enhanced it. A sig nificant enhancement of the methamphe tamine-induced increase of ambulation was also observed in mice treated with 0.5-5.0 mg/kg of DZP, 1.0-10 mg/kg of NZP and 1-20 mg/kg of FZP (Table 2). 3) Anticonflict effect 3.1. Geller-type conflict: In Fig. 4 , mean values of lever press responses in 4-6 rats during the punished and unpunished period at various doses of zopiclone are shown. Statistical analysis was made using the matched pair t-test.
A marked increase in lever pressing during the punished period was observed at 10-20 and at 10-60 min after administration of 5 and 20-50 mg/kg of zopiclone, respec tively, and the response returned to the control level thereafter. The unpunished response was decreased, but no significant difference was found between the control and drug treated group. At 100 mg/kg, the lever pressings in the unpunished periods were significantly suppressed, while those in the punished period were increased in most animals, although the mean value of 5 rats failed to attain statistical significance (Fig. 4) .
DZP at doses of 10-20 mg/kg caused a marked increase in the punished response without any noticeable change in un punished response. The effect persisted for 60 min after drug administration.
DZP at a dose of 50 mg/kg produced a decrease in the unpunished response and a significant increase in the punished response (Fig. 4) .
3.2. Water-lick conflict: The mean numbers of shocks delivered in the 5 min test period 1 hr after medication are presented in Table 1 . The rats of the control group received 8.9±6.5 shocks in the 5 min test period 1 hr after CMC treatment. The number of shocks delivered increased to 15.8 with zopiclone at a dose of 2 mg/kg, although no significant difference was found between CMC treated group and the drug treated group. Zopiclone at doses larger than 5 mg/kg produced a significant increase in the number of shocks delivered. A significant increase in the number of shocks delivered was observed following the administration of DZP and NZP at doses larger than 10 mg/kg and FZP at doses larger than 20 mg/kg (Table 2 ). 4) Effects on aggressive behavior 4.1. Olfactory bulbectomized rat (OB rat): The effect of zopiclone on muricide in OB rats are presented in Fig. 5 . Muricide was significantly inhibited by zopiclone at a dose of 50 mg/kg. The peak effect of zopiclone were observed between 60 and 120 min after administration.
The ED50 values of drugs in antimuricidal activity calculated according to the method of Litchfield-Wilcoxon are shown in Table 2 .
DZP at doses of > 40 mg/kg caused a significant and dose-dependent suppression of muricide. The effect reached a peak 30 min after administration and persisted for 1 hr at doses of 40-60 mg/kg and for about 2 hr at a dose of 80 mg/kg. NZP at doses of 10-20 mg/kg produced a marked suppression of the muricide. The effect reached a peak 1 hr after administration and lasted for about 2 hr.
The attack response of OB rats was sig nificantly suppressed by zopiclone at doses of >10 mg/kg, by DZP at doses of >_ 60 mg/kg and by NZP at doses of > 2 mg/kg (Table 2). 4.2. Midbrain raphe nuclei lesioned rat (raphe rat): The muricide of raphe rats was not appreciably affected by zopiclone at doses of 5 and 10 mg/kg, and it was sig nificantly suppressed at doses of 20 and 40 mg/kg (Fig. 5) . The antimuricidal effect reached a peak between 30 and 60 min after administration.
The ED50 of zopiclone for inhibition of muricide at 1 hr after medication is presented in Table 2 . DZP and NZP produced a significant suppression of the muricide at doses of > 20 mg/kg in the raphe rat. The ED50 values of DZP and NZP are shown in Table 2. 4.3. Septal lesioned rat (septal rat): Four days after bilateral septa) lesions, the animal exhibited a marked startle response to air blowing such as jumping up to the ceiling of the cage and crashing against the wire mesh wall of the cage. Figure 6 shows the effect of zopiclone on the startle response at 1 hr after administration.
A dose-dependent inhibition of the startle response in septal rats was observed at doses of >11 mg/kg of zopiclone. 5) Effects on convulsions in mice 5.1. Maximal electroshock convulsion (MES): Zopiclone at doses smaller than 100 mg/kg did not modify tonic convulsion, while at doses larger than 30 mg/kg reduced the duration of clonic convulsion (CL) and prolonged that of coma. The loss of tonic extensor (TE) was observed in 6 of 10 mice pretreated with zopiclone at a dose as high as 500 mg/kg, and tonic flexion (TF) disap peared in all mice tested. TE disappeared in mice dosed with 5 mg/kg of DZP or NZP. induced by L-5-HTP were significantly inhibited by zopiclone at a dose of 50 mg/kg. DZP produced a significant inhibition at a dose of 5 mg/kg, while NZP had no significant effect at any doses (Fig. 7) .
Mescaline-induced head-twitches were significantly increased by zopiclone at doses of 1-10 mg/kg (Fig. 8 ). DZP at a dose of 5 mg/kg caused a significant increase of mescaline-induced head-twitches 33.5±6.8). A significant enhancement of mescaline induced head-twitches occurred in mice pretreated with 5-10 mg/kg of NZP (Fig.  8 ). Zopiclone and DZP in themselves did not cause head-twitches, while NZP at a dose of 10 mg/kg induced them (26.2± 6.1).
8) Inclined screen test in mice
The threshold angle of screen inclination for slipping down was decreased by zopiclone at doses of 50-200 mg/kg. The effect of zopiclone was dose-dependent, reached a peak 60 min after administration, and lasted for approximately 4-8 hr (Fig. 9A) . The ED50 determined according to the method of Litchfield-Wilcoxon, a decrease by > 10 degrees in the threshold angle of screen inclination for slipping down at peak time .. N -u.uc from the pre-dosing threshold being taken as positive for this effect, is presented in Table 2 .
DZP exerted a significant effect at doses of >I 0 mg/kg, with a peak effect at 1 hr after administration (Fig. 9B) . The effect of NZP was significant at doses of >_ 1 mg/kg. NZP and FZP produced a significant effect at doses of >_ 1 mg/kg and 10 mg/kg, respectively. 9) Effects on rotarod performance in mice and rats 9.1. Mice: Zopiclone inhibited the rotarod performance in a dose-dependent manner at doses larger than 130 mg/kg. The effect reached a peak 30 min after administration. Table 2 shows the ED50 determined ac cording to the method of Litchfield-Wilcoxon. Zopiclone had the least activity in impairing rotarod performance among the drugs tested, being about 1/11, 1/83 and 1/5 times as active as DZP, NZP and FZP, respectively. 9.2. Rats: Zopiclone inhibited the rotarod performance in a dose-dependent manner at doses larger than 20 mg/kg. The effect reached a peak 30 min after administration. The ED50, determined according to the method of Litchfield-Wilcoxon, is indicated in Table 2 . DZP, NZP and FZP produced a dose dependent impairment of rotarod performance at dose levels of > 10 mg/kg, > 5 mg/kg and > 20 mg/kg, respectively. The effects of DZP, NZP and FZP reached a peak 30 min after administration. 10) Effects on EEGs in rabbits 10.1. Effects on the spontaneous EEG: The effect of zopiclone on the spontaneous EEG was studied concomitantly with observing the behavior in comparison with DZP, in a total of 10 rabbits with chronic electrode implants.
Zopiclone at a dose of 2 mg/kg, i.p., caused no significant change in the spon taneous EEG. Ten min after an i.p. Injection of 5-10 mg/kg of zopiclone, high voltage slow waves appeared in the cortical EEG, and the hippocampal arousal waves were desynchronized. The animal showed sedation and mild muscle relaxation. The EEG returned to a normal pattern approximately 3 hr after medication.
Rabbits dosed with 20-50 mg/ kg of zopiclone showed marked sedation with muscle relaxation and ataxia. The EEG from these animals was characterized by predominant high voltage slow waves in the cortex and amygdala and desynchronized waves in the hippocampus (Fig. 10B) . The EEG returned to a normal pattern 4-8 hr after medication.
DZP at doses of 1-5 mg/kg caused sedation and muscle relaxation in the rabbit. The EEG showed high voltage slow waves in the cortex and amygdala. Low voltagae fast waves of around 15-20 Hz were characte ristically superimposed on the slow waves. The EEG returned to a normal pattern 4-8 hr after medication.
10.2. Effects on EEG arousal response: When the rabbit was allowed to stay in the shielded cages, the animal became sedative and the EEG turned to the drowsy pattern, i.e., high amplitude slow waves increased in the cortical EEG and the hippocampal theta waves were desynchronized. In this period, the EEG immediately changed to an arousal pattern in response to auditory stimulation and electrical stimulation of the midbrain reticular formation or posterior hypothalamus.
Following the administration of zopiclone at doses of 5-10 mg/kg, the arousal response to auditory stimulation was induced, although 'iL '~Vd I(GrJJ UIJ III (C -L -a-id ;,-, compared with that obtained under the normal condition. The arousal response to the electrical stimulation of the midbrain reticular formation and posterior hypo thalamus was not inhibited at doses of 5-10 mg/kg of zopiclone. Zopiclone at doses of 20-50 mg/kg markedly suppressed the EEG arousal responses to auditory stimulation and electrical stimulation of the midbrain reticular formation or posterior hypothalamus. The threshold for the arousal response induced by stimulation of the reticular formation and posterior hypothalamus increased by 10 to 20% at a dose of 20 mg/kg and 20 to 50% at 50 mg/kg of zopiclone (Fig. 11) .
The arousal response to either auditory stimulation or electrical stimulation of the reticular formation and the posterior hypo thalamus was inhibited at doses of 2 and 5 mg/kg of DZP. The arousal threshold in creased by 30-140% at a dose of 2 mg/kg and by 50-250% at 5 mg/kg (Table 2). 10.3. Effects on photic driving response: Photic stimulation with 2-8 Hz induced high voltage potentials in the EEG of the occipital cortex, synchronizing with the stimulation. ^~J'pJiilf'.l fe +L '&OY,~c, S`i lal'le~ yLf iaTI L TT1Zg%'Kg had no significant effect on the photic driving response. The response was inhibited at doses of 5 and 10 mg/kg of zopiclone. The effect reached a peak 20 to 30 min after administration and lasted for 60-70 min. Zopiclone at doses of 20-50 mg/kg markedly suppressed the photic driving response (Fig.  12) , and there was a complete disappearance of the response for 2 hr from 20 min after an i.p. injection of 50 mg/kg. The response recovered about 6-24 hr after medication. DZP at a dose of 1 mg/kg did not show a significant effect on the photic driving response.
The response was inhibited at doses of 2 and 5 mg/kg of DZP (Table 2) . 
Effects on afterdischarges
in the limbic system: The afterdischarges evoked by stimulation of either the hippocampus or amygdala were slightly inhibited with an i.p. injection of 5 mg/kg zopiclone. A marked inhibition occurred at doses of 10-20 mg/kg (Fig. 13) . Afterdischarges recovered almost completely 3-4 hr after the medication.
DZP at doses of 1-2 mg/kg produced a conspicuous inhibition of the afterdischarges (Table 2) .
Discussion
Behavioral and electroencephalographic effects of zopiclone, DZP, NZP and FZP are summarized in BDZ are known to enhance the amphe tamine-induced hyperactivity (12) . In the present study zopiclone did not produce the increase of ambulation when administered alone, in contrast to NZP and FZP, while it significantly enhanced the hyperactivity induced by methamphetamine even at a dose of 10 mg/kg. DZP and FZP showed similar effects. The action of drugs on meteham phetamine-induced hyperactivity is con sidered to be associated with the release of catecholamines in the brain (17) . The effect of zopiclone resembles that of DZP in this respect as well.
Conflict behavior, on which the anxiolytic drugs exert a characteristic action (18) was significantly suppressed by zopiclone. The anticonflict effect of zopiclone in the Geller type conflict paradigm was seen at a wide dose range from 5 to 100 mg/kg, and it significantly increased the punished response without markedly changing the unpunished response at doses smaller than 50 mg/kg. DZP caused a significant increase of the punished response at doses larger than 10 mg/kg. At a dose of 50 mg/kg, however, the degree of increment diminished along with a significant suppression of the unpunished responses and a marked muscle relaxation and ataxia were observed. Zopiclone is about twice as active as DZP, as viewed with respect to the minimal effective doses for anticonflict activity. In the water-lick conflict paradigm, the anticonflict effect of zopiclone is approximately twice those of DZP and NPZ and 4 times that of FZP. It has been recognized that the anticonflict activity of the drugs in the animals correlates well with their anxiolytic effect in humans (18) . From the results of the present experiment, the clinical anxiolytic effect of zopiclone is expected to be comparable to or even greater than that of DZP. The duration of action of zopiclone, however, was shorter than that of DZP.
BDZ suppress various aggressive be haviors of animals, and this effect is called the taming effect. Zopiclone suppressed aggression in OB rats or septal rats, being more potent than DZP and slightly less potent than NZP. As for the inhibition of muricide, zopiclone was as potent as DZP and less active than NZP in OB rats and approximately as potent as DZP and NZP in raphe rats. Zopiclone possesses a taming effect similarly to BDZ, although the duration of action is shorter than those of the reference BDZ.
The anticonvulsive effect is another characteristic property of BDZ, and zopiclone is found to inhibit the pentetrazol-induced convulsion. However, this effect of zopiclone was much less potent than those of the BDZ, and zopiclone failed to prevent MES convulsion even at a dose as high as 100 mg/kg.
In potentiating anesthesia, zopiclone was remarkably modest as compared with DZP, NZP and FZP.
Certain BDZ, e.g., NZP, induce head twitches when administered alone (19) . DZP is devoid of such activity and rather suppresses head-twitches induced by 5-HTP (20) . Zopiclone caused a slight inhibition of 5-HTP-induced head-twiches, without evoking head-twitches by itself, as in the case of DZP. However, zopiclone as well as DZP and NZP enhanced mescaline induced head-twitches, and this effect of zopiclone was more potent than those of DZP and NZP. The head-twitches induced by mescaline is thought to be due to excitation of 5-HT receptors in the brain (11) . Therefore, it is conceivable that zopiclone exerts a more pronounced effect upon the 5-HT system in the brain, as compared with DZP and NZP.
Zopiclone was found to be much less potent than DZP, NZP and FZP in impairing the rotarod performance as well as in muscle relaxant activity measured by the inclined screen test.
Slight changes in the EEG in rabbits with chronically implanted electrodes were observed following the injection of zopiclone at doses smaller than 2 mg/kg, i.p. Zopiclone at doses larger than 5 mg/kg caused a drowsy pattern accompanied with behavioral sedation, indicating the EEG effect of the compound to be less than 1/5 times as potent as that of DZP. The effect of zopiclone on the EEG is qualitatively the same as that of DZP.
EEG arousal responses not only to auditory Nit also to electrical stimulation of the midbrain reticular formation and hypo thalamus were suppressed by zopiclone. The compound also inhibited the afterdischarges evoked by electrical stimulation of the hippocampus and amygdala. These effects of zopiclone were qualitatively comparable with those produced by DZP although the former were about 1 /10 times as potent as the latter when compared with respect to the minimal effective dose level.
The response to photic stimulation evoked in the visual cortex was significantly inhibited by zopiclone at doses suppressing EEG arousal responses.
The inhibition of photic driving response by DZP at doses suppressing EEG arousal response was slight.
The present results indicate that zopiclone has a pharmacological property qualitatively similar to BDZ which is characterized by potent anticonflict and antiaggressive effects and much weaker anticonvulsant, muscle relaxant, ataxiogenic, sedative and anes thesia-potentiat'ng effects and shorter duration of action, as compared with DZP, NZP and FZP.
